Although neuropeptide Y (NPY) is established as a transmitter in many regions of the nervous system, the role of other peptides of the pancreatic polypeptide (PP) family in the CNS is obscure. This study provides evidence that PPlike peptides in the "primitive" CNS of a cyclostome are composed of different molecular forms, which are stored in separate neuronal populations with apparently different functions. PP-like material was detected in extracts of brain and spinal cord from Lampetra fluviatilis by radioimmunoassay (WA) using an antiserum to the C-terminal hexapeptide of mammalian PP. The PP-immunoreactive material consisted of several molecular forms, as shown by its complex elution profile on high-performance liquid chromatography (HPLC). The cellular distribution of PP-like immunoreactivity was studied with indirect immunofluorescence histochemistry using antisera toward porcine peptide YY (PYY), porcine neuropeptide Y (NPY), and bovine (BPP), rat (RPP), and avian (APP) pancreatic polypeptide. Adjacent sections from the brain stem and spinal cord of L. fluviatilis and Ichthyomyzon unicuspis, incubated with the different antisera, displayed 2 main patterns of PP immunoreactivity. The PYY and RPP antisera labeled groups of neurons and fibers in the rhombencephalic and mesencephalic reticular formation. One of the PYY/RPP-ir cell groups, located in the anterior rhombencephalic reticular nucleus, had a projection to the dorsolateral spinal cord. Fibers of this reticulospinal system were in close apposition to dendrites of intracellularly stained spinal motoneurons and sensory relay interneurons, indicating that they may receive PPergic input. In contrast, antisera to NPY and APP labeled local neuron systems in the spinal dorsal horn, in the lateral parts of the brain stem, including the rhombencephalic alar plate, and in the retina. The BPP antiserum recognized the NPY/APP as well as the PYY/RPP immunoreactive neuron systems, further supporting that they both contain PP-like peptides.
Pancreatic polypeptide (PP), peptide YY (PYY), and neuropeptide Y (NPY) together form the family of pancreatic polypeptides. These peptides were isolated originally from the pancreas (PP), gut (PYY), and brain (NPY), respectively (Kimmel et al., 1968 (Kimmel et al., , 1975 Lin and Chance, 1974; Tatemoto, 1982a, b) . NPY is abundant both in the central and in the peripheral nervous system, and it is believed to act as a neurotransmitter-neuromodulator (Tatemoto, 1982b (Tatemoto, , 1989 Allen et al., 1983; Everitt et al., 1984; Lundberg et al., 1984; Chronwall et al., 1985; DiMaggio et al., 1985; DeQuidt and Emson, 1986a, b) . At first, it was believed that all PP-like material in the CNS consisted of NPY, but subsequent studies have indicated that other PPrelated peptides may be present. In the rat CNS, immunoreactivity to PYY has been detected with both immunohistochemistry and radioimmunoassay (RIA, Lundberg et al., 1984; Broomir et al., 1985; Ekman et al., 1986 ; see also Inui et al., 1985; DiMaggio et al., 1985) . Although this immunoreactivity has properties distinct from NPY, it is uncertain whether it represents true PYY or is due to cross-reactivity with a yet unidentified PP (Tatemoto, 1989) . Biochemical characterization of PPs in the vertebrate CNS has so far been confined to mammalian species, but immunochemical and immunohistochemical investigations in lower vertebrates have suggested that neuronal PPs are widely distributed in phylogeny (BGttcher et al., 1985; Danger et al., 1985; VanDongen et al., 1985; Negishi et al., 1986; Perroteau et al., 1988; Vallarino et al., 1988 ; see also Sundler et al., 1977; Duve et al., 1982) . The agnathan vertebrates, i.e., lampreys and hagfishes, are of particular interest in comparative neurobiology, since they deviated early from the main vertebrate line, and their nervous system is considered, by many investigators, to have kept many features from the CNS of primitive vertebrates (see, e.g., Nieuwenhuys, 1977; Grillner et al., 1987) . In the lampreys Lampetra Jluviatilis, Ichtyomyzon unicuspis, and Lampetra japonica, a presumed PP-like peptide has been detected in spinal and retinal nerve cells by using antiserum to porcine NPY (VanDongen et al., 1985; Negishi et al., 1986) . We have now extended the analysis of PP-like neuropeptides in lamprey by RIA and high-performance liquid chromatography (HPLC) analysis of brain and spinal cord extracts and by immunohistochemical localization of PP immunoreactivity in the brain stem and spinal cord with different types of PP antisera. A preliminary report has been given (Brodin et al., 1988c) . of Neuroscience, October 1989. 9(10) 3429 Materials and Methods Animals. Adult river lampreys (L.Juviatilis) were obtained from Ljusne and Alvkarleby, Sweden, and adult silver lampreys (I. unicuspis) were obtained from Guttenberg, Iowa. The biochemical analysis was carried out on river lampreys, and both species were used for immunohistochemistry. The animals were kept in aerated aquaria with a temperature of 3-5°C and anesthetized with tricaine methanesulphonate (MS-222) before dissection. Tissue extraction. Pooled brains (1.62 gm) and spinal cords (7.57 gm) from 25 animals were minced and transferred to two SO-ml centrifuge tubes, and 0.582 ml/gm tissue of a 95% ethanol:H,SO,:water solution (825:20.6:155 vol/vol) was added to each tube, followed by 3.38 ml/ \---gm tissue of 95% ethanol : water (805: 195 vol/vol) (Pettinga, 1958) . The tissue was homogenized, and an extra 10 ml of 80% ethanol, used to wash the macerating rod, was included. The homogenate was stirred for 1 hr (20°C) and centrifuged at 16,000 x g for 5 min. The supernatants were retained, and the resulting pellets were combined and homogenized in 20 ml of95% ethanol:H,SO,:water (667:2.5:331 vol/vol). This second homogenate was stirred for 90 min and centrifuged as above, and the supematant was combined with the first extract supematant, giving a total extract volume of approximately 75 ml. The pH was adjusted to 3.25 by adding concentrated ammonia, and an aliquot was taken for RIA. Ethanol (95%, 150 ml) was then added with stirring, followed by 300 ml of dry ethyl ether. The acid-ethanol ether extract was kept at 5°C for 48 hr, and the fine white precipitate was collected on Whatman No. 1 filter paper. The flask was washed twice with 10 ml of 95% ethanol: acetone (50:50), and the washings were poured through the collected precipitate, which was air dried (30 min). All items used were then washed with 1 M acetic acid (8 ml) that was added to the precipitate, which was vortexed and allowed to stand for 2 hr, followed by centrifugation. The supernatant was retained, and the precipitate was extracted 3 additional times with 2-3 ml of 1 M acetic acid. All extracts were combined, shell frozen, and then lyophilized. A sample of the resulting dry extract was taken for RIA, and the bulk of the material was stored at -20°C.
Gelfiltration. The lyophilized crude extract was redissolved in 5 ml of 1 M acetic acid and aDDlied to a column of Sephadex G50 superfine (1.5 x 5 1 cm) equilibrated with 1 M acetic acid. The column was standardized using BSA, egg white lysozyme, insulin, and NaCl before application of the neurotissue extract. The column was eluted at a flow rate of approximately 10 ml/hr, and 2-ml fractions were collected. The region of the elution profile corresponding to molecular weights between anoroximatelv 1500 and 15.000 was pooled. and following the removal --rrof an aliquot 'for RIA, the pooled fraction was lyophilized and stored at -20°C.
HPLC fractionation. The lyophilized PP/NPY containing fraction from the G50 chromatography was taken up in 400 ~1 of 0.1% trifluoroacetic acidwater and applied to a Vydac C 18 reverse phase column on a Beckman Model 342 HPLC system. The initial column conditions were 0.1% trifluoroacetic acid in water (buffer A), and the system was eluted at a flow rate of 1.0 ml/min. A linear gradient of increasing acetonitrile containing 0.1% trifluoroacetic acid (buffer B) was developed from 0 to 100% over 100 min. Effluent was monitored at both 220 and 280 nm, and l-ml fractions were collected for RIA and further characterization (see Fig. 2 ).
RIA. RIAs were carried out as described by Pollock and Kimmel (198 l) , using a rabbit antiserum directed to the C-terminal hexapeptide of bovine nancreatic DOhDeDtide (BPP) (Pollock et al., 1987) . Results
were calculated in terms of a standard displacement curve.using radioiodinated BPP and are, therefore, calculated as equivalents of BPP. Surgical procedures. To test for degeneration of descending spinal fibers, 4 animals were subjected to hemisection of the rostra1 spinal cord at the level of segment 8-10. The rostra1 spinal cord was exposed via a dorsal incision under visual inspection with a dissection microscope, one hemisegment was carefully removed, and the wound was sutured. The operated animals were left to survive for a period of 3-3.5 months (cf. Brodin et al., 1988a) . The extent of the lesion was examined in transversal sections from the lesioned area (see Fig. 3B ).
Descending projections of brain-stem neurons were studied by injecting the tracer fluorescent dextranamine (FDA, 25% in water; Gimlich and Brown, 1985; Glover et al., 1986) into the rostra1 spinal cord (segment 10-12). The exposed spinal cord was penetrated at 2-3 points on each side with a glass micropipette filled with FDA solution, and a small droplet of dye was injected by air pressure delivered from a pneumatic system (NeuroPhore, Medical Systems Corp., New York). Care was taken to avoid dye leakage from the spinal cord. After 6 weeks of survival, the animals were anesthetized, the spinal cord was transected at segment 4-5, the dorsal cranium was removed, and the exposed brains were stored in physiological solution at 5-8°C for 12-24 hr to enhance the immunoreactivity of descending peptide-containing neurons (cf. Brodin et al., 1988a) .
Intracellular dye injections. To identify close appositions between immunostained fibers and spinal neurons, suggestive of synapses, intracellular injections of Lucifer yellow (LY) were made in the in vitro preparation of the isolated lamprey spinal cord (see Grillner et al., 1987; Ohta et al., 1988) . Ten-to 20-segment-long pieces of spinal cord-notochord were mounted in a chamber with physiological solution at 7-9°C. Different cell types were impaled with LY-filled (5% in 0.3 M LiCl) micropipettes (resistance 50-70 mn), and the dye was injected by air pressure. Motoneurons were identified by recording of the axonal spike in an adjacent ventral root. Giant intemeurons, lateral intemeurons, and dorsal cells were identified by their typical morphology (see Rovainen 1979) . The preparations were processed for immunohistochemistry as described below.
Immunohistochemistry. After dissection, the brains, spinal cords, and retinas were immersed for l-2 hr in a 4°C solution of paraformaldehyde (40 g/liter) in 0.16 M phosphate buffer, pH 6.9, with picric acid (2 g/ liter) (Zamboni and DeMartino, 1967) . Thereafter, the tissues were rinsed in 0.1 M phosphate buffer, pH 7.2, with 15% sucrose, 0.01% Naazide, and 0.02% bacitracin for at least 12 hr. Transversal or horizontal sections of 14 pm thickness were cryostat sectioned and incubated for 18-24 hr (4°C) in antisera raised in rabbits against porcine PYY (69B), porcine NPY (102B, C), bovine PP (BPP) (417), avian PP (KOl), and rat PP (see Lundberg et al., 1982 Lundberg et al., , 1984 at dilutions of 1:200-1:400. The NPY antiserum recognizes the N-terminal sequence of the peptide (Lundberg et al., 1984) . After rinses in PBS, the sections were incubated in antirabbit antibodies coupled to fluorescein isothiocyanate (FITC) or tetramethylrhodamine isothiocyanate (TRITC) (Boehringer Mannheim Scandinavia, Stockholm, Sweden; Amersham, Amersham, England). After additional rinses in PBS, the sections were mounted in a glycerol-PBS mixture (1:3) containing 0.2% P-phenylenediamine (Johnson and De C. Nogueira Araujo, 1981) and examined in a Zeiss or Nikon fluorescence microscope. Antibodies coupled to TRITC were always used in the retrograde tracing (FDA) and intracellular staining (LY) experiments. To visualize the 2 types of fluorescence in the same section, the fluorescence filters were switched between settings for TRITC and FITC (see Brodin et al.. 1988a : Ohta et al.. 1988 ). An LY-stained structure was considered to be in close apposition with a PYY-immunoreactive (-ir) element when the two were in apparent contact in the same focal plane and no intervening distance could be observed at 400 x magnification. The staining specificity was tested by incubating adjacent sections with antisera that had been absorbed with the appropriate peptide for 6 hr at a concentration of 10 pg peptide/ml of diluted antiserum (see Results). Porcine NPY was kindly donated by Prof. V. Mutt, Stockholm, Sweden, and porcine PYY was purchased from Peninsula (Belmont. CA). The anatomical nomenclature of Nieuwenhuvs (1977) and Schober (1964) has been used, and the spinal cord has been subdivided into a central "grey" cell column, a dorsal horn, and lateral, ventromedial, and dorsal fiber columns (cf. Brodin et al., 1988a) . Figure 1A shows the elution profile of the crude extract on Sephadex G-50 chromatography.
Broad pools were taken and tested for PP reactivity. The only significant immunoreactivity was found in the region corresponding to molecular weights between 1500 and 15,000. Displacement curves for the crude extract and for G-50 pooling are shown in Figure 1 , B and C, respectively. The estimated yield of cross-reacting material from the G-50 column (assuming full cross-reactivity) was 12.4 pmol (50 ng). This material was subject to reverse phase HPLC, and the immunoreactivity was recovered in 3 main components with retention times between 36 and 50 min (Fig. 2 ). These components were probably still complex, but a further separation was not attempted because of the small amounts of peptide. It is clear, however, that the PP-ir material present in the lamprey CNS is composed of several molecular forms.
Immunohistochemical distribution of PP immunoreactivity in the spinal cord The distribution of PP immunoreactivity was similar in L. jluviatilis and I. unicuspis, and both species will be referred to as "lamprey" in the text. The species shown in the illustrations are specified in the legends. PYY-antiserum. Antiserum raised against porcine PYY labeled fibers throughout the length of the spinal cord (Figs. 3,  4A ), but no PYY-ir cell bodies were detected. The PYY-ir fibers ran longitudinally in the dorsal part of the lateral column and had frequent boutonlike swellings (Fig. 30) . As shown in Figure  3A , a hemisection of the rostra1 spinal cord (cf. Fig. 3B ) resulted in a loss of the PYY-ir fibers in the lateral column of the lesioned side, suggesting a supraspinal origin (see below). In addition, a few animals displayed some weakly stained fibers in the ventromedial column. These latter PYY-ir fibers could remain below a spinal lesion (Fig. 3A) , and thus they appeared to belong to a different fiber population.
To screen for possible target neurons of the descending PYYir fibers, different cell types were stained intracellularly with LY and subsequently surveyed for close appositions with PYY-ir fibers in the lateral column (14~pm thick sections; see Fig. 3 , &F, and Ohta et al., 1988) . The motoneurons examined (n = 9) had 6-14 (10 f 3, mean f SD) close appositions between their lateral dendrites and PYY-ir fibers. Two giant interneurons (Fig. 3 , SF, sensory relay interneurons) showed 5 and 6 close appositions, respectively, and a single lateral interneuron had 3 close contacts. None of the 11 dorsal cells (intraspinal primary sensory neurons) examined had close appositions with PYY-ir fibers. The PYY staining was abolished after preabsorption of the antiserum with porcine PYY.
NPY antiserum. Antiserum directed to the N-terminal region of porcine NPY labeled numerous fibers in the dorsal horn, with some fibers extending into the lateral and dorsal columns (Fig.  5, A cf. VanDongen et al., 1985) . NPY-ir cell bodies were observed lateral to the central canal throughout the length of the spinal cord (Fig. 5B) . A hemisection of the rostra1 spinal cord had no effect on the dorsal horn fibers (Fig. 5A) , which thus may originate from segmental or caudal NPY-ir cell bodies. In some experiments, the NPY antiserum also stained fibers in the lateral column. These fibers were partly reduced below a chronic lesion (Fig. 5A) . Because of their variable labeling, it could not be determined whether or not these fibers overlapped with the descending PYY-ir fibers described previously. The NPY immunofluorescence was abolished after preabsorption of the antiserum with porcine NPY.
BPP antiserum. BPP-ir fibers were present in the lateral column with a distribution similar to that of PYY-ir fibers (see Figs. 4, A, B; 3C, 5E ). In addition, BPP-ir fibers were observed in the dorsal horn and in the lateral and ventromedial columns. The dorsal horn labeling showed a partial overlap with the fibers stained by the NPY antiserum (cf. Fig. 5, D and E) . A rostra1 spinal lesion caused a loss of the BPP-ir fibers in the lateral column that overlapped with PYY-ir fibers, whereas the BPPir fibers in other regions were unaffected. Unlike the other PP Figure 2 . Reverse phase HPLC of the Sephadex pool indicated in Figure 1A . The acetonitrile gradient is represented by the line crossing the panel.
The curve represents the absorption pattern at 220 nm, and the bars correspond to PP immunoreactivity. antisera used, the BPP antiserum gave rise to a weak staining of the meningeal border.
RPP antiserum. The RPP antiserum also appeared to label the same population of fibers in the lateral column that was recognized by the PYY and BPP antisera (Fig. 4C) , although the RPP staining was usually less intense. In addition, dense fiber plexuses in the dorsal horn and in the lateral margin of the spinal cord showed immunoreactivity to RPP (Fig. 4C, arrowheads) . Occasional RPP-ir cell bodies were observed in the central grey cell column (Fig. 4C, arrow) . A rostra1 lesion diminished the dorsolateral RPP-ir fibers, whereas the other RPP-ir elements remained unchanged.
APP antiserum. The APP antiserum gave a comparatively weak and somewhat variable immunostaining in the spinal cord. A few APP-ir fibers usually were observed in the dorsal horn (Fig. 50 , overlapping with the distribution of NPY-ir fibers (cf. below). No APP-ir cell bodies were detected. Weakly fluorescent APP-ir fibers were sometimes observed in the lateral and ventromedial columns, although such staining was inconsistent. Figure 6 summarizes the main patterns of PP-ir in the lamprey spinal cord. The lateral column contains fibers immunoreactive to PYY, BPP, and RPP, which are lost below a high spinal transection. The dorsal horn contains NPY-ir fibers that are unaffected by a high spinal lesion, and NPY-ir cell bodies are present lateral to the central canal. The APP and BPP-ir fibers in the dorsal horn overlap in part with the NPY-ir fibers (see below).
Immunohistochemistry of the brain stem
This section focuses on PYY and NPY labeling, since these 2 antisera appeared to give the most selective PP labeling.
PYY antiserum. The basal plate of rhombencephalon contained sparsely distributed PYY-ir fibers throughout its extent, whereas the alar plate showed very few PYY-ir fibers (Fig. 8, 
C, E, F). A dense band of PYY-ir fibers was distributed ventral
and medial to the trigeminal motor nucleus and the anterior rhombencephalic reticular nucleus (Figs. 8F, 9C) . The distribution of PYY-ir cell bodies is summarized in Figure 7 (left). Small (1 O-20 hrn in diameter), rounded PYY-ir cells were present in the middle rhombencephalic reticular nucleus. Larger PYY-ir perikarya (20-40 pm in diameter) were located more rostrally, in the rostra1 portion of the trigeminal motor nucleus (Fig. 8F ) and within and medial to the anterior rhombencephalic reticular nucleus (Fig. 9C) . To test if these cells project to the spinal cord, PYY immunohistochemistry was combined with retrograde fluorescence tracing using FDA . Figures 8, F , G, and 9, C, D, show neurons in the trigeminal motor nucleus and the anterior rhombencephalic reticular nucleus, respectively, that contain both PYY-immunofluorescence and tracer fluorescence, implying a spinal projection. The majority of PYY-ir neurons in this region appeared to project to the spinal cord, although the double-labeled cells were not quantified.
The mesencephalon generally had a higher density of PYYir fibers (Fig. 10, B, D) compared to the rhombencephalon. Cell bodies of small to intermediate size (diameter 15-30 pm) were density was highest in the lateral basal plate and the alar plate.
clustered in the reticular nucleus of mesencephalon (Fig. 10, B , The reticular formation contained comparatively few NPY-ir D). Some PYY-ir fibers, which appeared to originate from the fibers. At the level of the anterior rhombencephalic reticular mesencephalic PYY-ir cell bodies, could be followed as they nucleus, a very dense NPY-ir plexus was present close to the crossed the midline in the posterior commissure (Fig. 1OD) .
midline and the ventral surface of rhombencephalon (Fig. 9E , NPY antiserum. The rhombencephalon contained numerous open arrow). The distribution of neuropeptide Y-ir cell bodies NPY-ir fibers throughout its extent (Figs. 8, A, D; 9E) . The fiber is schematically displayed on the right side of Figure 7 . Small
A-NPY (A-APP) (A-BPP)
A-PY Y A-RPP A-BPP NPY-ir cell bodies (diameter lo-20 Mm) were scattered near the medial border of the alar plate at the level of the vagal nucleus (Fig. 8A ). Another group of small NPY-ir perikarya was present in the rostra1 alar plate along the octavolateralis area and extended medially into the dorsal aspect of the anterior rhombencephalic reticular nucleus (Fig. 9E) . In the mesencephalon, the highest density of NPY-ir fibers was observed in the dorsal and lateral parts. Small NPY-ir cell bodies were distributed dorsal to the mesencephalic reticular nucleus (see Fig. 7 ). No descending NPY-ir neurons could be detected with retrograde tracing, although a minor projection cannot be excluded, since the retrograde labeling may have been incomplete (cf. Brodin et al., 1988b) .
Other PP antisera. The BPP and RPP antisera labeled cell bodies with a distribution similar to the PYY-ir cells (Fig. 7) . Thus, RPP-ir and BPP-ir cells were present in the middle and anterior rhombencephalic reticular nucleus (Fig. 94 and in the mesencephalic reticular nucleus (Fig. lOA, C) . The spinal projection of the anterior rhombencephalic group was confirmed by combining BPP or RPP staining with fluorescence tracing (Fig. 9, A, B) .
The BPP labeling also showed a clear overlap with NPY-ir structures (cf. Figs. 8, A, B ; 9, A, E). The perikaryal BPP labeling was, however, often weaker compared to that produced by the NPY antiserum. The APP staining in the brain stem overlapped closely with the NPY labeling (cf. Fig. 9 , E and E) but was usually less intense.
Retina. Figure 10E shows presumed amacrine cells in the retina stained by NPY antiserum (cf. Negishi et al., 1986) . The BPP antiserum produced a similar but weaker labeling (Fig.  100 . No PYY-ir was observed in the retina (Fig. 10G) .
Discussion
The results of this study establish the presence of PP-like peptides in the CNS of lampreys, as has been suggested by preliminary immunohistochemical studies on spinal cord (VanDongen l FIBER OCELL BODY Figure 6 . Schematic representation of PP-ir neuron systems in lamprey spinal cord. A, The dorsal part of the lateral column contains longitudinal PW-ir fibers recognized also by BPP and RPP antisera. These fibers, which are lost below a high spinal transection (B), have bouton-like swellings in close apposition to motoneurons and giant interneurons. C, The dorsal horn area contains cell bodies (star on spot) and fibers recognized by NPY antiserum. This system, which appears to be partly recognized by APP and BPP antisera, is not affected by a high spinal lesion (D).
et al. , 1985) and retina (Negishi et al., 1986) . Pancreatic polypeptide-like material was detected in RIA with an antiserum directed to the C-terminal hexapeptide of BPP. This type of antiserum is also known to recognize PPs from pancreatic tissue of lower vertebrates, such as salmon, alligator gar, and bullfrog (Kimmel et al., 1986; Pollock et al., 1987 Pollock et al., , 1988 . As judged from the complex elution profile on HPLC, the PP immunoreactivity in lamprey CNS is composed of several molecular forms. The definition of the specific chemical nature of these forms, however, remains to be defined in further studies. The immunohistochemical data suggest that PP-like compounds are stored in at least two separate populations of neurons (see schematic overview in Fig. 11 ). Whereas nerve cells in the spinal dorsal horn and the sensory alar plate of the lateral brain stem reacted with antisera toward NPY and APP, the PYY and RPP antisera labeled neurons in the brain stem reticular formation. The fact that both populations of neurons reacted with the BPP antiserum supports the interpretation that the 2 types of immunohistochemically detectable PP immunoreactivity have common immunogenic determinants and that, perhaps, they both can be reflected as bovine C-terminal PP immunoreactivity in RIA (cf. Taylor et al., 1988) .
Although the codistribution of PP-immunoreactivities can possibly be due to colocalization of different PP-ir compounds, we will assume here that each of the main patterns of PP labeling corresponds to one peptide. For simplicity we refer to the NPY/ APP/BPP staining as "type 1" immunoreactivity and to the PYY/RPP/BPP pattern as "type 2" immunoreactivity. With this interpretation, it seems likely that the 2 postulated peptides belong to the PP family, since each of them would have been recognized by as many as three different PP antisera, which minimizes the risk of cross-reactivity with other peptide families. Furthermore, the staining specificities ofthe NPY and PYY antisera were confirmed in preabsorption controls with corresponding mammalian peptides.
Two dense fiber plexuses, in the spinal dorsal horn and in the lateral spinal cord, were labeled by the RPP antiserum but not by any of the other PP antisera. Whether this RPP immunoreactivity corresponds to a PP-like compound or whether it is due to cross-reactivity with one of the several other peptides (neurotensin-, somatostatin-, and tachykinin-like peptides) with this localization (VanDongen et al., 1986; cannot be determined at present.
Comparisons with neuronal PPs in other species Type 1 immunoreactivity. The immunological properties of the type 1 -ir material suggest that it may represent a peptide resembling mammalian NPY (cf. Danger et al., 1985; Perroteau et al., 1988; Vallarino et al., 1988) . The lamprey peptide reacted with an NPY antiserum directed to the N-terminal portion of the peptide, which makes it unlikely that this antiserum would cross-react with other PPs (Lundberg et al., 1984) . Furthermore, the type 1 peptide appeared to be recognized by APP and BPP antisera, both of which have been found to label NPY-containing neurons in the rat CNS (Hbkfelt et al., 198 1; Lundberg et al., 1984; see also DiMaggio et al., 1985; DeQuidt and Emson, 1986a) . The intensity of the APP and BPP immunoreactivities differed somewhat between the spinal cord and brain stem. In the latter, they showed a clear overlap with the NPY labeling, whereas in the spinal cord, the BPP and APP antisera produced a comparatively weak staining of NPY-ir structures. These findings could reflect differences between the peptides present in the spinal cord and in the brain stem. It would seem more likely, however, that they result from variations of the peptide levels in the two regions. Similarities in the organization of lamprey type 1 -ir neurons and NPY-containing neurons in other species are also in keeping with a homology to NPY. As an example, the type I-ir fibers in the lamprey spinal cord were restricted to the dorsal horn, with only few fibers present in other regions. The fibers appeared to originate from cell bodies located lateral to the central canal. A similar distribution of NPY-ir fibers and perikarya has been described in the spinal cord of frog (Rana ridibunda; and several mammals (Allen et al., 1984; Gibson et al., 1984; Sasek and Elde, 1985; Krukoff, 1987) , although supraspinal NPY neurons may, in addition, contribute to the innervation of the spinal cord (Everitt et al., 1984; Chronwall et al., 1985) . Another example is the distribution of type I-ir neurons and processes in the rhombencephalic alar plate. A similar innervation with NPY-ir structures is present in the rhomben- cephalic alar plate of the crested newt (Triturus cristatus; Perroteau et al., 1988) . Notably, the NPY-ir material in the newt brain is partly similar in molecular size to mammalian NPY. Type 2 immunoreactivity. The type 2 peptide differs immunologically from the type 1 peptide, since it did not react with the NPY or APP antisera. It may, however, share common determinants, since it was recognized by the BPP antiserum and perhaps also by the C-terminal PP antiserum used in RIA (see above). The lamprey CNS thus appears to contain a PP distinct from NPY, which can be selectively detected by antiserum to PYY. Peptide YY-ir compounds that are not recognized by NPY antiserum have been detected in the CNS of frog, lizard, and rat (Lundberg et al., 1984; BroomCe et al., 1985; Bottcher et al., 1985; Ekman et al., 1986) . Interestingly, the organization of PYY-ir neurons in these animals shows similarities to that of type 2-ir cells in lamprey. The type 2-ir cell bodies were observed in the mesencephalic reticular nucleus and in the middle and anterior rhombencephalic reticular nuclei of the rostra1 medulla.
The latter group project to the lateral spinal cord, as judged from the retrograde tracing and lesion experiments. In frog (Rana temporaria), as well as in rat, PYY-ir cell bodies are present in the reticular formation of the rostra1 medulla, and the fiber distribution suggests that these neurons project to the spinal cord (Broom&e et al., 1985; Bottcher et al., 1985; Ekman et al., 1986) . It is unclear whether the PYY immunoreactivity in the frog and rat CNS corresponds to true PYY or represents a yet unidentified PP (Tatemoto 1989) .
Functional implications
The differences in distribution of the two putative PP systems in lamprey suggest involvement in separate functions. The type 1 ("NPY")-ir neurons were present in areas involved in processing of sensory inflow, such as the retina (e.g., goldfish; Stell, 1985) , the dorsal horn of the spinal cord, and the rostra1 and caudal rhombencephalic alar plate, where afferents from the different cranial nerves and the spinal cord terminate (Nieuwenhuys, 1977; Rovainen, 1979; Dubuc and Grillner, 1987) . Considering the similarities with other species (see above), this "sensory" localization of a possible NPY homolog in an agnathan may imply that NPY-like peptides became involved with sensory functions at an early stage in vertebrate evolution.
In contrast, the type 2 ("PYY")-ir neurons were found in areas primarily subserving motor functions. All cell bodies were observed within or adjacent to the rhombencephalic and mesencephalic reticular formation, regions that exert a direct control of somatic motoneurons and premotor intemeurons (Nieuwenbuys, 1972; Rovainen, 1979; Brodin et al., 1988b) . The reticulospinal type 2-ir system may exert a monosynaptic influence on spinal motoneurons, since immunoreactive fibers were observed in close apposition to motoneuron dendrites. It may, however, also affect the sensory transmission, since close appositions were seen on large spinobulbar neurons (giant interneurons) that transmit sensory information.
The type 2 PP is now the fourth putative transmitter to be identified in a reticulospinal projection in lamprey. Descending cholecystokinin-and 5-hydroxytryptamine-ir neurons have been detected in the posterior and anterior rhombencephalic reticular nuclei, whereas neurons using excitatory amino acid transmission have been localized throughout the reticular formation (for review see Brodin et al., 1988b) . Further comparative studies will be required to determine the phylogenetic relationships of these systems, but their chemical and anatomical similarities with reticulospinal systems in other animals suggest that they may represent primitive traits present in most vertebrates.
